Introduction
Anatomically, the shoulder joint is a ball joint so the range of motion (ROM) of the shoulder joint is significantly greater than the other joints. It is an important joint because of its function to determine the position of the upper limb. Since the joint surface of the glenoid cavity is relatively small and shallow, the shoulder joint tends to be overused in activities of daily living (ADL). In addition many people use the shoulder joint with a poor posture when performing actions, which leads to a higher risk of injury. The most frequent factor associated with shoulder joint contracture, excluding severe traumatic injury to the shoulder, is periarthritis scapulohumeralis (colloquially called frozen shoulder). There have been many reports on the efficacy of Low Level Laser Therapy for pain. 1)-7) We report herein specifically regarding the effect of LLLT on shoulder joint contracture.
Subjects and Methods

Subjects
We treated twenty-four cases of shoulder joint contracture at the rehabilitation clinic of Toho University Omori Medical Center between 2004 and 2007. No case had any prior traumatic injuries. Eight patients were male, and sixteen were female. The age distribution ranged from thirty-seven to eighty-four years (with an average of 60.5 years). Eleven cases had shoulder contracture on the right and thirteen cases on the left. Table 1 shows the patient demographics.
Methods:
We used a continuous wave 1000 mW semiconductor laser device, MDL-2001 model, Matsushita Electric Corporation, Tokyo, Japan (figure 1). The purpose of this study was to investigate the effect of low level laser therapy (LLLT) on shoulder joint contracture caused by periarthritis scapulohumeralis (frozen shoulder). Twenty-four patients received treatment at our hospital between April, 2004 and March, 2007 . We used a 1000 mW semiconductor laser device delivering 830 nm in continuous wave. We treated the shoulder joint contracture with the laser therapy system for 30 sec/point for a total of three minutes for each treatment session per shoulder, at an energy density per 30 sec treatment of 20.1 J/cm 2 . As a result of the four-week trial, the range of motion (ROM) in both flexion and extension improved. The efficacy ratio was 75% (p<0.05). We consider that the increase of pain threshold and improved blood circulation were the main mechanisms of action. However, we also emphasized the importance of life style education to patients. the specifications of the device. We administered treatment on three regions: the anterior, lateral, and posterior parts of the shoulder joint. One treatment consisted of irradiating each region for two thirty-second bursts separated by a five-second pause, giving an energy density per 30 sec treatment of 20.1 J/cm 2 . The total time for one treatment session was three minutes. Each patient received two treatment sessions per week. After four weeks, we evaluated the patients by checking the range of motion (ROM) using the Japan Orthopaedic Association's (JOA) guidelines in order to determine the effects of the LLLT. The treated regions are shown in Figure 2. Figure 3 shows X-ray findings. We obtained a written informed consent form from each patient before laser treatment.
Statistical analysis:
The comparison of ROM before and after the treatment was performed with the Wilcoxon test. Values below five percent were considered significant.
Results
We measured the angle of flexion and extension of the shoulder joint before and after low level laser therapy.
By adding the difference of ROM before and after the treatment, we evaluated the effect of treatment by using the criteria summarized in Table 3 . Five cases were evaluated as "excellent," thirteen as "good," 6 as "fair," and no cases were evaluated as "unchanged." Exacerbation was not seen in any patient, nor were there any adverse any side effects.
The average age of patients who had an "Excellent" treatment effect (n=5) was fifty-nine years old, and most of them were female. The average age was a little younger than that of all patients. The average age of those who experienced "good" effect (n=13) was sixty-eight years. The average for those with "fair" effect (n=6) was sixty-eight years. Both the "good" and "fair" groups were a little older than the mean of all cases.
In all cases, we observed bone atrophy in X-ray findings, yet there were no pathologic findings ( Figure  3) . Even upon physical examination, there was no retention of fluids in the joint capsule. The deltoid muscle, acting as the shoulder joint's flexor muscle, and the latissimus dorsi muscle, acting as the extensor muscle, showed no signs of muscle atrophy, nor induration. Only cases exhibiting "excellent" and "good" effects were considered as effective treatment of LLLT. The efficacy ratio was 75%.
The results of statistical analysis were as follows: The flexion angle was 85.8°±36.5°(mean values plus or minus the standard deviation) before irradiation, and 145.4°±30.1°after irradiation. The extension angle was 15.4°± 5.5°before irradiation and 39.3°± 8.8°a fter irradiation. A significant difference was thus seen in the ROM of both flexion and extension values before and after irradiation (p < 0.05).
Discussion
The anatomy and function of the shoulder joint is much more complicated in terms of its motion than the other joints. While the surface area of the glenoid cavity is quite narrow and shallow in character, the joint surface area of the humeral head is quite large; thus, the range of motion of the upper limbs is remarkably large. Therefore, the shoulder joint tends to be over used and is thus easily injured while participating in sports or even in activities of daily living (ADL). All the subjects in this research were diagnosed as having periarthritis scapulohumeralis in the orthopaedic department at our hospital, and none of them exhibited any other disorders. We measured the patients' range of extension and flexion because of the importance of these movements in ADL.
With regards to the pathogenesis of periarthritis scapulohumeralis, some reports 8) 9) have described thickening of the articular capsule and adhesion to the synovial membrane as indicators of this disease. However, it is widely held that it is not easy to ascertain the true cause. Through MRI examination, it was concluded that thickening of the periarticular ligament and degeneration of the rotator cuff were the primary causes of the condition.
Many treatments have been tried in the treatment of joint contracture caused by periarthritis scapulohumeralis. Conservative treatment includes exercise therapy, injections, acupuncture, and any combination of these. In addition, life style education is also important since many patients experience pain at night, therefore simply telling them to keep their shoulders warm at night can be effective.
As far as exercise therapy, Lin 10) states that it is the most effective when you focus on the trapezius and deltoid muscles at the same time. On the other hand, Fayad 11) states that it is also important to strengthen the trunk muscles. While exercise therapy is efficient, the pain from periarthritis scapulohumeralis can linger for a long time, and motivating patients to do exercise therapy can therefore be difficult. Some physicians recommend steroid injections into the shoulder joint 12) 13) . For efficacy using this approach, however, an accurate technique is required. Although some reports 14) 15) have found positive results through the use of acupuncture, the mechanism of action for pain attenuation is unclear. Some other reports recommend a combination of exercise therapy in a swimming pool, electrical therapy, and massage. 16) There is also a report saying that joint contracture was improved through manual correction of the joint by acting effectively on the immune mechanism of control. 17) The LLLT treatment presented here has no sideeffects, is non-invasive, and causes no pain. Moreover, even if the physicians or physical therapists differ during treatment sessions, this has no effect on the efficacy of the treatment. This is a major therapeutic advantage of this treatment approach.
There are several different theories on the mechanism of action of LLLT treatment. In an experiment on animals, an increase in the pain threshold 18) and improvement in blood circulation 19) were observed. Some clinical data show that LLLT is involved in the adjustments of the autonomic nervous system, thus resulting in control of sympathetic hypertension, replacing it with parasympathetic dominance. 20) 21) In addition, reports have appeared stressing the importance of lifestyle education. 22) 23)
As for the present study, we consider that change in the patient's pain threshold and improvement in blood circulation are the main mechanisms of action for LLLT. However, we feel that it is important for longevity of results to continue lifestyle education for frozen shoulder patients. It is also important to ask what positions or actions give them the most pain, and tell the patients to deliberately avoid those positions which cause the most pain. In addition, it is important that patients should keep their shoulders warm at night.
Conclusions
We treated twenty-four shoulder joint contracture patients with periarthritis scapulohumeralis using LLLT, with an efficacy ratio of 75%. We considered that an increase in the patients' pain threshold and blood circulation were the main mechanisms of action for LLLT treatment of shoulder joint contracture.
